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, Spalart Coleman fringe method [4]







$\nabla\cdot u=0$ , (1)
$\frac{\partial u}{\partial t}+u\cdot\nabla u=-gradp+\nu\nabla^{2}u$ . (2)
, $u$ , $p$ , $\nu$ . $x$ , $y$
$(x, y, z)$ $Aa$ , , $u,$ $v,$ $w$ .
.
$u=0$ at $y=0$ ,
$\frac{\partial u}{\partial y}=\frac{\partial w}{\partial y}=0,$ $v=v_{top}$ at $y=L_{y}$ . (3)
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$y=L_{y}$ $v$ $v_{top}$ . $x=0$
Lund [2] . , .




$u_{\tau}=( \nu\frac{\partial U}{\partial y}|_{y=0})^{\frac{1}{2}}$ , (4)
$U$ $u$ . , $U$ $0.99U_{e}$
$\delta$
$\nu/u_{\tau}$ .
. , $u_{\tau}$ $\nu/u_{\tau}$
wall unit . $x$ . $x$
.
$Re_{\tau}= \frac{u_{\tau}\delta}{\nu}$ , (5)
$Re_{\theta}= \frac{U_{e}\theta}{\nu}$ , $\theta=\frac{1}{U_{e}^{2}}/o^{\infty}U(U_{e}-U)dy$ . (6)
(5) $Re_{\tau}$ , .
, $\theta$ $Re_{\theta}$ ,
, $Re_{\tau}$
.
, DNS . , $\tau_{x}^{-=0}\partial P$ ( , $P$ $p$
) . , ,
$\frac{v}{u}=\frac{d\delta}{dx}$ , (7)
. $\delta$ $\sim x^{(n-1)/n},$ $n=5\sim 9$
, (7) , $v$
$v_{top}=\alpha u(y=L_{y})$ . $\alpha$ .
, .
. , $x$ $z$ , $y$
3 . ,
1 . , Case $L$ .









$U^{+}$ $=$ $f(y^{+})$ (8)
$U_{e}^{+}-U^{+}$ $=$ $F(y/\delta)$ (9)
, $+$ wall unit . $f$ $F$
. , ,
. , ,




, $x=x_{ref}$ $(y, z)$ ,
. , $u’\equiv u-\overline{u}^{z}$
, .
$\tilde{u}^{z+}=f_{1}(y^{+})$ , $U_{e}^{+}-\overline{u}^{z+}=f_{2}(y/\delta)$ , (10)
$\overline{u}_{i}^{z}/U_{e}=f_{3}(y^{+})$ , $\overline{u}_{i}^{z}/U_{e}=f_{4}(y/\delta)$ , $i=2,3$ , (11)
$u_{i}^{\prime+}=f_{5}(y^{+})$ , $u_{i}^{\prime+}=f_{6}(y/\delta)$ , $i=1,2,3$ . (12)
, $(u_{1}, u_{2}, u_{3})=(u, v, w)$ , $fi,$ $\cdots,$ $f_{6}$ . (10) $|$
(8), (9) . (11) , $\overline{v}^{z},\overline{w}^{z}$ $U_{e},$ $\nu/u_{\tau}$ , $U_{e},$ $\delta$
. , (12) wall unit, $u_{\tau},$ $\delta$
. , $x=x_{ref}$
$u^{inner}$ ,
$u^{outer}$ , $x=0$ $W$ .
$u_{in}(y)=W(y/\delta_{in})u^{inner}+(1-W(y/\delta_{in}))u^{outer}$ . (13)
(10)$-(12)$ , $u_{\tau,in},$ $u_{\tau,ref},$ $\delta_{in},$ $\delta_{ref}$ ( $in$ , ref $x=0,$ $x_{ref}$
) , Lund ,
$\delta_{in}$ , $u_{\tau,ref}$ $\delta_{ref}$ , $u_{\tau,in}$
.
$u_{\tau,in}=u_{\tau,ref}( \frac{\delta_{ref}}{\delta_{in}})^{1/[2(n-1)]}$ $n=5$ . (14)












turn-over-time $\delta/u_{\tau}$ 20 . 1 $Re_{\tau}=380$
$U$ . , $Re_{\tau}=550$ DNS[8]
. $Re_{\tau}$ , (5) $\delta$
. wall unit .




2,3 $u’,$ $v’$ rms . 2 ,
$u_{\tau}^{2}$ ,[9]
. 2 $u$‘ rms
. $y^{+}=15$ . , $v’$ rms ( 3),
$y^{+}=100$ .
, $v’$ rms ,
.
33
2: $u’$ rms. : $(Re_{\tau}=550),$ $O$ : $(Re_{\tau}=380)$ .






4: $u$’ pre-multiplied spectra $k_{x}k_{z}E_{uu}^{2D}$ . $\lambda_{x},$ $\lambda_{z}$ . $(Re_{\tau}=$
$550)$ , $(Re_{\tau}=380)$ . ( ) , (a) $y^{+}=15(0.1u_{\tau}^{2}, 0.3u_{\tau}^{2},0.5u_{\tau}^{2}),$ $(b)$





DNS , $r$ 2 2 ,
2 $E_{uu}^{2D}(y, k_{x}, k_{z})$ .
$E_{uu}^{2D}(y, k_{x}, k_{z}) \equiv\frac{1}{u_{\tau}^{2}}/\overline{u^{l*}(x,y,k_{z})u’(x+r,y,k_{z})}e^{ik_{x}r}dr$ . (15)
, $k_{x},$ $k_{z}$ $x,$ $z$ . , $*$ .
. , $E^{2D}$
$x$ .







5: $v^{l}$ pre-multiplied spectra $k_{x}k_{z}E_{vv}^{2D}$ . $\lambda_{x},$ $\lambda_{z}$ . $(Re_{\tau}=$
$550)$ , $(Re_{\tau}=380)$ . ( ) , (a) $y^{+}=15(0.02u_{\tau}^{2}, 0.05u_{\tau}^{2}),$ $(b)y^{+}=40$
$(0.02u_{\tau}^{2}, 0.05u_{\tau}^{2},0.1u_{\tau}^{2}, 0.2u_{\tau}^{2}),$ $(c)y^{+}=100(0.02u_{\tau}^{2}, 0.05u_{\tau}^{2},0.1u_{\tau}^{2}, 0.2u_{\tau}^{2}),$ $(d)y/\delta=0.5(0.02u_{\tau}^{2}$ ,
$0.05u_{\tau}^{2},0.1u_{\tau}^{2})$ .
$\lambda_{x}$ $\lambda_{z}$ . $Re_{\tau}=550$
. 4 $E_{uu}^{2D}$ . (a)
(C) , $y^{+}=100$ ,
. ,





5 $E_{vv}^{2D}$ . $y^{+}=15$ 40 , 5(a), (b)
,
. , $y^{+}=100$ $\lambda_{x}^{+}>10^{3},$ $\lambda_{z}^{+}>3\cross 10^{2}$
, . , 3 $y^{+}=100$ $v’$
36
rms ,




. , $k_{x}$ 1
$E^{1D}(y, k_{z})= \frac{\sum_{k_{x}}E^{2D}(y,k_{x},k_{z})}{\sum_{k_{x)}k_{z}}E^{2D}(y,k_{x},k_{z})}$ , (16)
$y$ . 6 $E_{uu}^{1D}$ $E_{vv}^{1D}$ .
$v’$ , $y$ $\lambda_{z}$
, $y=\delta$ $\lambda_{z}=\delta$ . ,
$v^{l}$ $u’$ , $y>0.2\delta$ $\lambda_{z}=\delta$
. ,
.[12] , $y/\delta=O(10^{-2})$ , $u’$ $\lambda_{z}=\delta$
. , $\lambda_{z}=\delta$
. global modes
, DNS . global modes
, $u’$ rms wall unit .[9, 10, 11]
7 global modes $\lambda_{x}>5\delta,$ $\lambda_{z}>\delta$ 1
$E_{g}^{1D}(y, k_{z})= \frac{\sum_{k_{x}>5\delta}E^{2D}(y,k_{x},k_{z})}{\sum_{k_{x}>5\delta_{l}k_{z}>\delta}E^{2D}(y,k_{x},k_{z})}$, (17)
. global modes .
4
DNS $Re_{\tau}=380$ $Re_{\tau}=550$
. , wall unit $y^{+}=100$
, $u$‘, $v’$ rms wall unit $y^{+}=10$
.
$u’$ , wall unit $y^{+}=100$
, $y^{+}=15$
. , global modes
. , $y=0.5\delta$ , $\delta$
. , $v’$ , wall
unit $y^{+}=100$ . , $y^{+}=100$
. ,








6: 1 . (a) $E_{uu}^{1D}(y, k_{z}),$ $(b)E_{vv}^{1D}(y, k_{z})$ . 005,
0.3, 0.55 .
38
7: 1 $E_{g,uu}^{1D}(y, k_{z})$ . 0.05, 0.3, 0.55 .
. ,
. 1 Case $L$
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